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METHOD FOR CARRIER MANAGEMENT IN inconsistency of carrier states that are managed by the base
A CARRIER AGGREGATION station and a terminal when a secondary carrier, which is

ENVIRONMENT OF A MOBILE
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 35 U.S.C. §371 National Stage filing
of International Application No. PCT/KR2011/008404
which was filed Nov. 7, 2011, and which claims the benefit of,
Korean Application No. 10-2010-0110649, filed on Nov. 8,
2010, Korean Application No. 10-2010-0077880, filed on
Aug. 12, 2010, and U.S. Utility application Ser. No. 13/208,
471, the entire disclosures of which are incorporated herein
by reference for all purposes.

TECHNICAL FIELD

The present invention relates to a Long Term Evolution
(LTE)-Advanced system, which is next-generation mobile
communication being standardized by the 3rd Generation
Partnership Project (3GPP), and more particularly to a carrier
management method of performing a carrier deactivation
procedure between a base station and a terminal in a carrier
aggregation environment in which communication between
the base station and the terminal is performed using a plurality
of carriers.

BACKGROUND ART

3GPP, which is a mobile communication standardization
organization, has developed an LTE system standard as a
next-generation mobile communication standard. Also, the
development of the LTE-Advanced system standard as an
extension of the LTE standard is under way to satisfy Inter-
national Mobile Telecommunication (IMT)-Advanced sys-
tem requirements proposed by the International Telecommu-
nication Union-Radio communication Sector (ITU-R).

While the LTE standard supports a maximum radio band-
width of 20 MHz, the LTE-Advanced standard uses band-
width aggregation (carrier aggregation) to support a maxi-
mum bandwidth of 100 MHz. Thus, in the LTE-Advanced
standard, the bandwidth of 100 MHz is divided into compo-
nent carriers (CCs), each of which has a maximum bandwidth
of 20 MHz, and a base station may communicate with a
terminal by simultaneously using a plurality of carriers.

The terminal, which supports multicarrier communication,
uses a plurality of radio channels in a broad band. The wider
a frequency bandwidth for use in communication, the higher
the power consumption. Therefore, the terminal of the LTE-
Advanced system is configured to activate and use multiple
carriers only when traffic is high and to perform communica-
tion using only a single carrier when traffic is low.

On the other hand, when a secondary carrier is configured
and operated in the multicarrier environment, a secondary
carrier deactivation procedure and a discontinuous reception
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configured and operated in a carrier aggregation environ-
ment, is deactivated, as a carrier state management method of
the base station.

Another object of the present invention is to provide a
carrier management method of a terminal capable of prevent-
ing inconsistency of carrier states that are managed by a base
station and the terminal when a secondary carrier, which is
configured and operated in a carrier aggregation environ-
ment, is deactivated, as a carrier state management method of
the terminal.

Technical Solution

According to an example for achieving the object of the
present invention described above, there is provided a carrier
state management method of a base station for use in a carrier
aggregation environment, including: transmitting a deactiva-
tion message for a secondary carrier to a terminal; and chang-
ing the secondary carrier to a deactivation state after a prede-
termined time from the transmission of the deactivation
message.

Here, the predetermined time may be a value predefined to
make state information that is managed by the base station
consistent with state information that is managed by the ter-
minal for the secondary carrier.

Here, the example of the carrier state management method
of'the base station may further include: receiving a reception
success message for the deactivation message from the ter-
minal after transmitting the deactivation message, wherein
the changing of the secondary carrier to the deactivation state
includes: changing, by the base station, the secondary carrier
to the deactivation state after a predetermined time from an
arrival time of the reception success message.

Here, the example of the carrier state management method
of'the base station may further include immediately stopping,
by the base station, data transmission and retransmission
using the secondary carrier immediately after transmitting the
deactivation message.

Here, the example of the carrier state management method
of the base station may further include: stopping downlink
(DL) transmission of the secondary carrier and initializing
uplink (UL) and DL retransmission buffers after transmitting
the deactivation message.

According to another example for achieving the object of
the present invention described above, there is provided a
carrier state management method of a base station for use in
a carrier aggregation environment, including: determining
whether or not to change a secondary-carrier state to a deac-
tivation state by determining whether or not transmission/
reception through a secondary carrier has been performed for
a given time; and changing the secondary carrier to the deac-
tivation state after a predetermined time from when the

(DRX) procedure should be stably controlled, and thus a 55 change of the secondary carrier to the deactivation state is
management state is not consistent between the base station determined.

and the terminal. In addition, when the deactivation proce- Here, the determining of whether or not to change the
dure is performed, a hybrid automatic repeat request (HARQ) secondary-carrier state to the deactivation state may be per-
retransmission procedure to be performed in the terminal formed using a predetermined timer.

should be managed according to a deactivation state. 60  Here, the predetermined time may be a value predefined to

make state information that is managed by the base station

DISCLOSURE consistent with state information that is managed by the ter-
minal for the secondary carrier.
Technical Problem According to another example for achieving the object of

An object of the present invention is to provide a carrier
management method of a base station capable of preventing

65

the present invention described above, there is provided a
carrier state management method of a terminal for use in a
carrier aggregation environment, including: receiving a deac-

IPR2024-00608

Petitioners' Ex. 1002
Ex.1002.00008



US 9,144,106 B2

3

tivation message for a secondary carrier from a base station;
and changing the secondary carrier to a deactivation state
after a predetermined time from the reception of the deacti-
vation message.

Here, the predetermined time may be a value predefined to
make state information that is managed by the base station
consistent with state information that is managed by the ter-
minal for the secondary carrier.

Here, the example of the carrier state management method

4

procedure related to a deactivated carrier by initializing a
DRX-related timer that operates in a secondary carrier.
Accordingly, power consumption of the terminal is reduced.
In particular, the effect of power consumption reduction is
increased because the above-described procedure affects
operations of all carriers rather than a secondary carrier.

DESCRIPTION OF DRAWINGS

may further include: transmitting a reception success mes- 10 FIG. 1 is a conceptual diagram illustrating a general pro-
sage for the deactivation message to the base station after cedure in which a base station configures and activates carri-
receiving the deactivation message, wherein the changing of ers for a terminal in a carrier aggregation environment.

the secondary carrier to the deactivation state includes: FIG. 2 is a conceptual diagram illustrating a power con-
changing, by the terminal, the secondary carrier to the deac- sumption reduction (DRX) operation of the terminal in a
tivation state after a predetermined time from a transmission 15 mobile communication system.

time of the reception success message. FIG. 3 is a flowchart illustrating a DL carrier management

Here, the example of the carrier state management method method according to the present invention.
of'the terminal may further include: immediately stopping, by FIG. 4 is a conceptual diagram illustrating a DL data
the terminal, data transmission and retransmission using the retransmission stop procedure in a carrier aggregation envi-
secondary carrier immediately after receiving the deactiva- 20 ronment according to the present invention.
tion message. FIG. 5 is a flowchart illustrating a UL carrier management

Here, the example of the carrier state management method method on the side of a base station according to the present
of the terminal may further include: stopping UL transmis- invention.
sion of the secondary carrier and initializing UL and DL FIG. 6 is a conceptual diagram illustrating a UL data
retransmission buffers after receiving the deactivation mes- 25 retransmission stop procedure in a carrier aggregation envi-
sage. ronment according to the present invention.

According to another example for achieving the object of FIG. 7 is a flowchart illustrating a UL carrier management
the present invention described above, there is provided a method on the side of a terminal according to the present
carrier management method of a terminal for use in a carrier invention.
aggregation environment, including: determining whetheror 30 FIG. 8 is a flowchart illustrating an example of a carrier
not to change a secondary-carrier state to a deactivation state state management method of the base station according to the
by determining whether or not transmission/reception present invention.
through a secondary carrier has been performed for a given FIG. 9 is a flowchart illustrating an example of a carrier
time; and changing the secondary carrier to the deactivation state management method of the terminal according to the
state after a predetermined time from when the change of the 35 present invention.
secondary carrier to the deactivation state is determined. FIG. 10 is a conceptual diagram illustrating a carrier state

Here, the determining of whether or not to change the management method according to the present invention.
secondary-carrier state to the deactivation state may be per- FIG. 11 is a diagram illustrating a secondary-carrier deac-
formed using a predetermined timer. tivation procedure according to the present invention.

Here, the predetermined time may be a value predefined to 40
make state information that is managed by the terminal con- MODES OF THE INVENTION
sistent with state information that is managed by the base
station for the secondary carrier. While the invention is susceptible to various modifications

and alternative forms, specific embodiments thereof are
Advantageous Effects 45 shown by way of example in the drawings and will herein be
described in detail.

If a carrier management method according to the present It should be understood, however, that there is no intent to
invention as described above is used, it is possible to prevent limit the invention to the particular forms disclosed, but on the
an increase in the number of unnecessary retransmissions in a contrary, the invention is to cover all modifications, equiva-
mobile communication system using carrier aggregation. 50 lents, and alternatives falling within the spirit and scope ofthe
That is, according to the present invention, when a secondary invention.
carrier is deactivated in a carrier aggregation environment, a The terminology used herein is for the purpose of describ-
DL retransmission buffer of a terminal is immediately initial- ing particular embodiments only and is not intended to be
ized. Accordingly, the terminal stops a reception operation of limiting of the invention. As used herein, the singular forms
a carrier, so that an unnecessary retransmission procedure of 55 “a,”“an,” and “the” are intended to include the plural forms as
the terminal may be omitted and operations of the terminal well, unless the context clearly indicates otherwise. It will be
and a base station may be consistent. further understood that the terms “comprises,” “comprising,”

Thus, it is possible to reduce an unnecessary retransmis- “includes,” and/or “including,” when used herein, specify the
sion operation and power consumption of the terminal and presence of stated features, integers, steps, operations, ele-
prevent the waste of radio resources and the performance 60 ments, and/or components, but do not preclude the presence
degradation of the base station due to unnecessary retrans- or addition of one or more other features, integers, steps,
mission. operations, elements, components, and/or groups thereof.

In addition, it is possible to prevent inconsistency of sec- Unless otherwise defined, all terms (including technical
ondary carrier states that are managed by the base station and and scientific terms) used herein have the same meaning as
the terminal when a secondary carrier is deactivated accord- 65 commonly understood by one of ordinary skill in the art to

ing to the present invention. It is possible to solve a problem
of an unnecessary wakeup operation of a terminal by a DRX

which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
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naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

The term “terminal” may refer to a mobile station (MS),
user equipment (UE), a user terminal (UT), a wireless termi-
nal, an access terminal (AT), a subscriber unit, a subscriber
station (SS), a wireless device, a wireless communication
device, a wireless transmit/receive unit (WTRU), a mobile

6

When traffic is low, the terminal communicates with the
base station by use of only single carriers (DL CC #1 of FIG.
1 and UL CC #1 (not shown)). In a state in which the single
carrier is used, the used carrier is referred to as a primary
carrier or a primary cell. A radio channel state of the primary
carrier is measured in a short cycle and managed as a state in
which stable communication is possible.

When traffic of the terminal increases, the base station uses
the activation procedure to cause the terminal to actually use

node, amobile, or other terms. Various example embodiments 10 4 plurality of CCs. A carrier to be additionally activated for
of a terminal may include a cellular phone, a smart phone the multicarrier environment is referred to as a secondary
having a wireless communication function, a personal digital carrier or a secondary cell of which a radio channel state is
assistant (PDA) having a wireless communication function, a managed at a lower level than that of the primary carrier.
wireless modem, a portable computer having a wirelesscom- |, The term “carrier” used in the LTE-Advanced system
munication function, a photographing device such as a digital refers to a medium for transmitting a radio channel in a
camera having a wireless communication function, a gaming specific frequency band for wireless communication by the
device having a wireless communication function, a music base station, and hence has the same meaning as a mobile
storing and playing appliance having a wireless communica- communication cell. In other words, the terminal of the
tion function, an Internet home appliance capable of wireless 20 present invention may simultaneously receive and communi-
Internet access and browsing, and also portable units or ter- cate radio channels transmitted in a plurality of cells.
minals having a combination of such functions, but the In order to activate the secondary carrier, the base station
present invention is not limited thereto. transmits an activation message to the terminal. Upon receipt

The term “base station” used herein generally denotes a of the message, the terminal activates the secondary carrier
fixed or moving point communicating with a terminal, and 25 and uses the activated secondary carrier in communication.
may be referred to as a Node-B, evolved Node-B (eNB), base Accordingly, a large volume of data is transmitted and
transceiver system (BTS), access point, relay, femtocell, and received by multiple carriers, and a data transmission rate is
other terms. In the present invention, the term “base station” increased. If traffic with the terminal is decreased, the base
is used to mean a control device that controls one cell. In an station transmits a deactivation message to cause the terminal
actual communication system, a “physical base station” may 30 to make a change for use of only a single carrier. DL and UL
control a plurality of cells. In this case, the physical base CCs may be independently configured/released and acti-
station may include a plurality of base stations in the present vated/deactivated. Through one message, the DL and UL CCs
invention. That is, when a different parameter is allocated to may be simultaneously activated/deactivated.
each cell, each base station may allocate a different value. When multicarrier communication is performed, data is

The term “carrier” used in the present invention refers to a 35 mapped and transmitted according to each CC. A scheduler of
medium for transmitting a radio channel in a specific fre- the base station divides data to be transmitted in units of CCs,
quency band for wireless communication by the base station, and the divided data is allocated and transmitted according to
and hence has the same meaning as a mobile communication each CC. Transmitted data is retransmitted using the same
cell. In other words, the terminal of the present invention may CC.
receive and communicate radio channels transmitted in a 40  Based on FIG. 1, one data block is assigned to DL CC #1.
plurality of cells. In addition, the term “carrier” may be used If a data reception error occurs after initial transmission,
as the term indicating one CC among a plurality of CCs retransmission (or HARQ) should be performed using DL. CC
constituting a carrier aggregation environment. #1. When DL data is transmitted, the data is allocated to a data

With reference to the appended drawings, preferred channel (that is, a physical downlink shared channel (PD-
embodiments of the present invention will be described in 45 SCH)), and demodulation information of the data channel is
detail below. To aid in understanding the present invention, indicated and transmitted on a control channel (that is, a
like numbers refer to like elements throughout the description physical downlink control channel (PDCCH)).
of'the figures, and the description of the same component will The control channel may be transmitted by the same CC as
not be reiterated. the data channel or a different CC. If CC positions are differ-

FIG. 1 is a conceptual diagram illustrating a general pro- 50 ent from each other, a position of the data channel is indicated
cedure in which a base station configures and activates carri- using a carrier indicator (or a carrier indicator field (CIF))
ers for a terminal in a carrier aggregation environment. within the control channel.

Referring to FIG. 1, the LTE-Advanced system controls a If traffic between the base station and the terminal
configuration procedure 110, an activation procedure 120, increases and a radio channel state of some CCs becomes bad
and a deactivation procedure 130 into which a multicarrier 55 in a state in which multiple carriers are used, the number of
management step is divided. Although a maximum of five datareception errors of a receiver increases and the number of
CCs may currently exist in the LTE-Advanced standard, an retransmissions increases. In particular, if a radio channel
example in which three CCs, or downlink (DL) CC #1 (141), state of a CC becomes bad in a structure in which retransmis-
DL CC #2 (142), and DL CC #3 (143), are used as DL CCs is sion is performed by only a CC used during initial transmis-
shown in FIG. 1. 60 sionasinthe LTE-Advanced system, there is a problemin that

When the terminal is connected to the base station that the number of reception errors rapidly increases.
provides multicarrier communication, a multicarrier commu- Also, there is a problem in that data transmitted once is
nication environment is constructed using the configuration retransmitted until reception succeeds during a maximum
procedure. The base station transmits a configuration mes- number of retransmissions, regardless of a radio channel
sage to cause the terminal to store configuration information 65 state. This procedure leads to unnecessary retransmission

regarding multicarrier communication and prepare carrier
communication.

operations and power consumption of the terminal. There is a
problem in that the waste of radio resources and the degrada-
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tion of base station performance occur because other termi-
nals may not use resources due to unnecessary retransmis-
sion.

FIG. 2 is a conceptual diagram illustrating a power con-
sumption reduction (DRX) operation of the terminal in a
mobile communication system.

Referring to FIG. 2, the terminal is controlled by dividing
aperiod into an on-duration period 201 in which an operation
of receiving a DL control channel transmitted from the base

8

If data reception success information is not received from
the terminal a given number of times or more in step S210, the
base station may be configured to determine that a radio
channel state of a carrier is unstable. Cases where the base
station does not receive the data reception success informa-
tion include when the base station receives reception failure
information (NACK) or does not receive reception success
information (ACK) or reception failure information (NACK)
during a designated reception period (when reception fails).

station is performed and a sleep period 202 in which an 10  Next,ifitis determined thata DL CC is in anunstable radio
operation of reducing power consumption is performed by channel state in step S210, the step (S220) of stopping data
stopping a reception operation. transmission by the DL CC of the unstable radio channel state

If'the base station does not transmit a control channel to the is performed.
terminal in an on-duration mode, the terminal determines that In step S220, the base station stops data allocation to the
it is not necessary to receive data and is switched to a sleep 15 DL CC. In step S220, the base station may be configured to
mode. If the control channel is received in the on-duration perform the step of transmitting a notification message for
mode, a wakeup state is maintained for a given time by use of stopping retransmission by the DL CC to the terminal through
an inactivity timer. A cycle in which the terminal performs an another DL CC.
on-duration operation is indicated as a DRX cycle 203. The A carrier for use in the message transmission may be a
DRX cycle is divided into long DRX and short DRX. In the 20 primary carrier or a secondary carrier of a good radio channel
long DRX, it is possible to minimize power consumption state, and a position of the carrier for use in the message
because a data reception cycle of the terminal is long. transmission may be indicated using a CIF.

In the mobile communication system of the multicarrier FIG. 4 is a conceptual diagram illustrating a DL data
structure, all carriers use the same DRX operation procedure. retransmission stop procedure in a carrier aggregation envi-
All activated carriers perform the on-duration operationwhen 25 ronment according to the present invention.
one carrier is in the on-duration mode, and also the sleep state In general, a data transmission procedure between the base
is equally applied to all carriers. station and the terminal is accomplished by iterating initial

In order to maintain the DRX operation of each carrier, a data transmission 310, the terminal’s reception error notifi-
DRX-related timer is managed according to each carrier. If cation 320, radio channel state notification 330, and the base
one carrier performs a DL control channel reception opera- 30 station’s data retransmission 340.
tion by the timer, all carriers are in a wakeup mode, thereby In the above-described DL carrier management method
performing the same wakeup operation. according to the present invention, the base station deter-

DL Carrier Management Method According to Present mines whether a radio channel state of some DL CCs is bad on
Invention the basis of radio channel state notification 330 or reception

In a mobile communication system based on frequency 35 error notification 320 of a multicarrier received from the
division duplexing (FDD), a terminal measures a DL radio terminal and non-reception of reception error notification,
channel state, and transmits measured channel state informa- notifies the terminal of stop of data transmission by a CC of a
tion (CSI) to a base station. At this time, the base station bad radio channel state (350), and stops the data transmission
manages the radio channel state of a carrier by analyzing the by the CC (360). Of course, the data transmission stop noti-
received DL CSI and uses the CSI as information for sched- 40 fication 350 and the data transmission stop 360 may be per-
uling. formed in reverse order.

In a mobile communication system based on time division Thus, if a transmission stop instruction is received, the
duplexing (TDD), the base station may recognize a DL radio terminal stops the reception error notification or retransmis-
channel state to manage the radio channel state by analyzing sion procedure.

a UL radio channel state because the same frequency bandis 45  Here, methods in which the base station transmits retrans-
used in UL and DL. mission stop information to the terminal may include a

FIG. 3 is a flowchart illustrating a DL carrier management method using a control channel, a method using a data chan-
method according to the present invention. nel, and the like. Hereinafter, four methods will be described

According to the present invention, the DL carrier manage- in detail.
ment method may be configured as a DL carrier management 50 1) Method using Control Channel (PDCCH)
method in a carrier aggregation environment so that the base A carrier retransmission stop indication is included in the
station determines a DL CC of an unstable radio channel state control channel and transmitted to the terminal, and an
among multiple carriers of carrier aggregation and stops data indication method may use some fields of the control
transmission by the CC. channel (for example, a transport block (TB) field).

Referring to FIG. 3, the DL carrier management method 55 At this time, information regarding a carrier of which
according to the present invention may be configured to retransmission is stopped may be indicated using a car-
include the step (S210) of determining, by the base station, a rier identifier (or CIF) in the control channel.

DL CC of an unstable radio channel state and the step (S220) Information regarding data of which retransmission is
of stopping data transmission by the DL CC of the unstable stopped may be indicated by a retransmission-related
radio channel state determined in step S210. 60 field (for example, a new data indicator (NDI) field or a

First, in step S210, the determination of the radio channel redundancy version (RV) field) or a distinguishable
state may be made on the basis of radio CSI received from the value, so that the stop of all data transmissions by a CC
terminal, or the base station may directly measure and deter- may be indicated.
mine the radio channel state. For example, the determination 2) Method using Data Channel (PDSCH)
may be made on the basis of whether a channel state value 65 A carrier retransmission stop indication is included in the

recognized from the received CSI is equal to or less than a
given threshold reference value for a given time.

data channel and transmitted to the terminal. An infor-
mation indication method may be configured to provide
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retransmission stop notification by defining a predeter-
mined field as in the method using the control channel.

The above-described control information may be config-
ured by a new control message (or medium access con-
trol (MAC) control element).

3) Method using Existing Method

An indication of new data transmission, not previous data
retransmission, is included in the control channel (for
example, new data transmission is indicated by chang-
ing (or toggling) the NDI field of PDCCH), and resource
consumption may be avoided by minimizing and allo-
cating a size of the data channel to be allocated (or the
TB field).

At this time, meaningless data (or padding) may be trans-
mitted on the data channel so as to avoid data transmis-
sion delay using an unstable channel. It is possible to
transmit retransmission stop control information
described above.

4) Method using CC Deactivation Message

Using an existing carrier deactivation message, the base
station transmits a deactivation message for a DL CC to the
terminal. If the deactivation message is received, the terminal
performs a procedure of deactivating the DL CC and the base
station may simultaneously stop all transmission (initial
transmission and retransmission) by the DL CC.

On the other hand, the terminal receiving the data trans-
mission stop notification using the above-described method
may be configured to notify the base station of the fact that a
stop message has been successfully received.

In the present invention, if the terminal is notified of
retransmission stop information, the terminal may be config-
ured to stop a data retransmission procedure by terminating a
control channel reception operation for retransmission data
reception by a designated carrier. A demodulation operation
error of retransmission is prevented by initializing a reception
buffer of the carrier or a retransmission block.

If a retransmission procedure of a carrier is stopped, an
operation (DRX) for reducing power consumption or a carrier
deactivation procedure may be performed. In further detail,
the terminal does not perform the DRX operation by demodu-
lating a control channel for a given time so as to receive data
in which a reception error has occurred. If the procedure of the
present invention is used, the terminal may immediately stop
the control channel demodulation operation and perform the
DRX operation.

In the method of the related art, data initially transmitted by
a specific DL CC is iteratively retransmitted by a CCup to a
preset maximum number of times (for example, 8 times) even
when a radio channel state is unstable. However, in the DL
channel management method according to the present inven-
tion, it is possible to reduce power consumption of the termi-
nal, the waste of radio resources due to unnecessary retrans-
missions, and the degradation of base station performance by
preventing an unnecessary retransmission operation for the
terminal in an unstable radio channel state.

UL Carrier Management Method According to Present
Invention

The base station measures a UL radio channel state, man-
ages a radio channel state of a received carrier, and uses it as
UL scheduling information. UL scheduling is performed by
the base station. The base station transmits UL carrier infor-
mation, information regarding a transmission data size, and
the like to be used by the terminal determined by scheduling
to the terminal through a control channel (PDCCH).

As a UL carrier management method in a carrier aggrega-
tion environment, the UL carrier management method
according to the present invention may be configured so that
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the base station determines a UL CC of an unstable radio
channel state among multiple carriers and instructs the termi-
nal to stop data transmission by the UL CC. At this time, if the
instruction to stop data transmission by the UL CC of the
unstable radio channel state is received from the base station,
the terminal may be configured to stop data retransmission by
the UL CC and initialize a retransmission buffer of the des-
ignated UL CC.

Hereinafter, UL carrier management methods according to

the present invention will be described separately on the side
of the base station and the side of the terminal. FIG. 5 illus-
trates the UL carrier management method on the side of the
base station according to the present invention, and FIG. 7
illustrates the UL carrier management method on the side of
the terminal according to the present invention. FIG. 6 is a
conceptual diagram illustrating a UL data retransmission stop
procedure in the carrier aggregation environment according
to the present invention, and is referred to in FIGS. 5 and 7.

FIG. 5 is a flowchart illustrating the UL carrier manage-

ment method on the side of the base station according to the
present invention.

Referring to FIG. 5, the UL carrier management method on

the side of the base station according to the present invention
may be configured to include the step (S410) of determining,
by the base station, a UL CC of an unstable radio channel state
among multiple carriers and the step (S420) of instructing the
terminal to stop data transmission by the UL CC of the
unstable radio channel state determined in step S410.

First, in step S410, the determination of the radio channel

state may be made by determining whether a channel state
value of the UL CC is equal to or less than a reference value
for a given time by use of radio CSI collected by the base
station or determining whether the number of reception errors
of UL data received by the UL CC from the terminal is equal
to or greater than a reference value for a given time.

Next, in step S420, methods of instructing the terminal to

stop data transmission may include a method using a control
channel, a method using a data channel, and the like. Here-
inafter, four methods will be described in detail.

1) Method using Control Channel (PDCCH)

A data transmission stop indication is included in the con-
trol channel and transmitted to the terminal, and an
indication method may use some fields of the control
channel (for example, a TB field).

At this time, a UL CC of which retransmission is stopped
may be indicated using a carrier identifier (or CIF) in the
control channel.

Information regarding data of which retransmission is
stopped may be indicated by a retransmission-related
field (for example, an NDI field or an RV field) or a
distinguishable value, so that the stop of all data trans-
missions by the UL CC may be indicated.

2) Method using Data Channel (PDSCH)

A UL CC retransmission stop indication is included in the
data channel and transmitted to the terminal. An infor-
mation indication method may be configured to provide
retransmission stop notification by defining a predeter-
mined field as in the method using the control channel.

The above-described control information may be config-
ured by a new control message (or MAC control ele-
ment).

3) Method using Existing Method

An indication of new data transmission, not previous data
retransmission, is included in the control channel (for
example, new data transmission is indicated by chang-
ing (or toggling) the NDI field of PDCCH), and resource
consumption may be avoided when the terminal trans-
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mits UL data by minimizing and allocating a size of the
data channel to be allocated (or the TB field).

At this time, the terminal may transmit meaningless data
(or padding) on the data channel so as to avoid data
transmission delay using an unstable channel.

4) Method using CC Deactivation Message

If'the base station instructs the terminal to stop data retrans-

mission using a carrier deactivation message, and the terminal
receives the carrier deactivation message from the base sta-

12

above. In further detail, there is a problem in that the terminal
retransmits data by a carrier by determining that a reception
error has occurred if a given time has elapsed even when a
data retransmission instruction is not received from the base
station through a control channel after data transmission.
However, in the UL carrier management method according to
the present invention, it is possible to reduce power consump-
tion of the terminal, the waste of radio resources due to
unnecessary retransmissions, and the degradation of base

tion, the terminal may perform a deactivation procedure of a 10 station performance by preventing an unnecessary retrans-
corresponding carrier and, simultaneously (or before/after mission operation when a radio channel state is unstable.
the deactivation procedure), stop all transmission (initial Carrier State Management Method of Base Station and
transmission and retransmission) by the carrier. Terminal
FIG. 6 is a conceptual diagram illustrating a UL data On the other hand, in the above-described DL and UL
retransmission stop procedure in a carrier aggregation envi- 15 carrier management methods, a deactivation message may be
ronment according to the present invention. used to signal a data transmission stop instruction and a
In general, a data transmission procedure between the base secondary carrier to be used in communication may be deac-
station and the terminal is accomplished by iterating the base tivated according to the deactivation message. It should be
station’s initial transmission approval, the terminal’s initial understood that a secondary-carrier deactivation operation
data transmission, the base station’s data retransmission 20 may be applied to a general secondary-carrier deactivation
approval, and the terminal’s retransmission operation. procedure using the deactivation message as well as the case
However, in the UL carrier management method according where the deactivation message is used to signal the data
to the present invention, the base station determines a radio transmission stop instruction.
channel state (550), and makes a transmission stop instruction At this time, if the secondary carrier to be used in commu-
560 to stop transmission by a carrier if the radio channel state 25 nication is deactivated, the terminal initializes a buffer to be
of'a UL CC received from the terminal is bad. Thus, the base used for data retransmission of the secondary carrier. Here-
station stops an approval of retransmission by the carrier inafter, a detailed deactivation procedure will be described.
(570), and the terminal stops a retransmission procedure When use of the secondary carrier is stopped, the base
when receiving the transmission stop instruction (580). station transmits a secondary-carrier deactivation message to
FIG. 7 is a flowchart illustrating the UL carrier manage- 30 the terminal. Upon receipt of the deactivation message, the
ment method on the side of the terminal according to the terminal changes the secondary carrier to a deactivation state.
present invention. Here, secondary carriers to be deactivated through a proce-
Referring to FIG. 7, the UL carrier management method on dure according to the deactivation message include a UL CC
the side of the terminal according to the present invention may and a DL CC.
be configured to include the step (S610) of receiving, by the 35  According to the present invention, a deactivation state
terminal, an instruction to stop data transmission by a UL CC change of the terminal includes the following.
of an unstable radio channel state from the base station and A demodulation procedure of a DL secondary carrier is
the step (S620) of stopping data retransmission by the desig- stopped.
nated UL CC when the data transmission stop instruction is Data transmission using a UL secondary carrier is stopped.
received, and initializing a retransmission buffer of the des- 40 A DL retransmission buffer of the secondary carrier is
ignated UL CC. initialized and a retransmission procedure is stopped.
First, because the step (S610) of receiving, by the terminal, A UL retransmission buffer of the secondary carrier is
the data transmission stop instruction to stop the data trans- initialized and a retransmission procedure is stopped.
mission by the UL CC of'the unstable radio channel state from When the deactivation message has been transmitted, the
the base station may be configured in correspondence with 45 base station should operate to maintain the same state infor-
the method for the data transmission stop instruction trans- mation for the secondary carrier as the terminal so as to
mitted from the base station in step S410 of FIG. 4, redundant support the deactivation state of the terminal.
description thereof is omitted. FIG. 8 is a flowchart illustrating an example of a carrier
Next, in step S620, the terminal may be configured to stop state management method of the base station according to the
the data retransmission by the UL CC when receiving the 50 present invention, and FIG. 9 is a flowchart illustrating an
instruction to stop the data transmission by the designated UL example of a carrier state management method of the terminal
CC of the unstable radio channel state, and initialize the according to the present invention.
retransmission buffer of the designated UL CC. In addition, FIG. 10 is a conceptual diagram illustrating a
That is, in step S620, the terminal prevents a modulation carrier state management method according to the present
operation error related to retransmission by stopping the data 55 invention, and illustrates messages exchanged between the
retransmission by the designated UL CC and initializing the base station and the terminal, transmission and reception
UL CC or the retransmission buffer. If retransmission by a times of the messages, and operations to be performed on the
carrier is stopped, an operation (DRX) for reducing power two sides. In FIG. 10, the vertical axis is the time axis and the
consumption or a carrier deactivation procedure may be per- vertical downward direction represents the passage of time.
formed. 60 The carrier state management methods of the base station
In the method of the related art, data initially transmitted by and the terminal will be described with reference to FIGS. 8
a specific UL CC s iteratively retransmitted by a carrier up to and 9 along with FIG. 10.
a preset maximum number of times (for example, 8 times) Referring to FIG. 8, the carrier state management method
even when a radio channel state is unstable. In particular, of the base station according to the present invention may be
there is a problem in that the terminal continuously performs 65 configured to include the step (S810) of transmitting a deac-

retransmission even when the base station does not approve
the retransmission in UL differently from DL as described

tivation message for a secondary carrier to the terminal and
the step (S820) of changing the secondary carrier to the deac-
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tivation state after a predetermined time from the transmis-
sion of the deactivation message.

The carrier state management method of the base station
according to the present invention is used to solve inconsis-
tency of state information and state change times for second-
ary carriers that are managed by the base station and the
terminal in consideration of the occurrence of time delay for
deactivation message reception and demodulation until the
terminal performs a carrier state change procedure by receiv-

14

secondary carrier to the deactivation state may be embodied
by changing the secondary carrier to the deactivation state
after a predetermined time (ts—t;) from a time t; when the
reception success message is transmitted. In general, a differ-
ence (t;-t,) between the reception time t, of the deactivation
message of the terminal and the transmission time t; of the
reception success message transmitted by the terminal is con-
figured to have a fixed value, so that (ts—t,) may also be
defined if (t5-t,) is defined.

ing and demodulating a deactivation message when the base 10 At this time, the predetermined time may be a value pre-
station has transmitted the deactivation message. defined to make state information that is managed by the
Referring to FIG. 10, the base station performs the step terminal consistent with state information that is managed by
(S810 of FIG. 8) of transmitting the deactivation message to the base station for the secondary carrier.
the terminal at a time t,. At this time, the base station may stop As described above, a predetermined time that is the
data transmission and retransmission by a secondary carrier 15 elapsed time until the base station changes the state informa-
immediately after the transmission of the deactivation mes- tion for the secondary carrier to the deactivation state, is
sage. In addition, the base station may additionally perform configured to be different from a predetermined time that is
the step of stopping DL transmission of the secondary carrier the elapsed time until the terminal changes the state informa-
and initializing UL and DL retransmission buffers after the tion for the secondary carrier to the deactivation state. That is,
step (S810) of transmitting the deactivation message. 20 the above-described predetermined times should be set by
The base station may perform the step (S820) of changing considering the transmission delays of the deactivation mes-
state information for a secondary carrier that is managed by sage and the reception success message, processing times
the base station to the deactivation state at a time t5 after the required for demodulations thereof, and the like.
lapse of a predetermined time (ts—t,). On the other hand, the “consistency” of the carrier state
On the other hand, the base station may be configured to 25 information may not mean that state information that is man-
perform the step of receiving a reception success (acknowl- aged by the base station and the terminal should be accurately
edgement) message for the deactivation message from the synchronized and maintained and state change times should
terminal after the step (S810) of transmitting the deactivation be accurately consistent. Although an example in which the
message. In this case, the step (S820) of changing the sec- base station and the terminal make a carrier state change at the
ondary carrier to the deactivation state may be embodied by 30 same time t; is illustrated in FIG. 10, it should be understood
changing the secondary carrier to the deactivation state after that the “consistency” of the carrier state information in the
apredetermined time (ts—t,) from a timet, when the reception present invention is consistency of a degree in which prob-
success message is received. In general, a difference (t,—t;) lems due to differences of state information and change times
between the transmission time t, of the deactivation message that are managed by the base station and the terminal may be
of the base station and the reception time t, of the reception 35 prevented. For example, the “consistency” may be consis-
success message transmitted by the terminal is configured to tency of a level at which the object of the present invention is
have a fixed value, except for the influence of propagation satisfied so that a problem does not occur when the terminal
delay of the reception success message, so that (t;—t,) may manages a secondary carrier in the activation state, even when
also be defined if (t5-t,) is defined. the base station manages a specific secondary carrier in the
On the other hand, the predetermined time may be a value 40 deactivation state.
predefined to make state information that is managed by the On the other hand, a procedure of changing a secondary
terminal consistent with state information that is managed by carrier to the deactivation state when the deactivation mes-
the base station for the secondary carrier. sage is not used and the base station and the terminal do not
Next, referring to FIG. 9, the carrier state management perform communication using the secondary carrier for a
method of the terminal according to the present invention 45 given time is also the same as described above.
may be configured to include the step (S910) of receiving a Thatis, in another example of the carrier state management
deactivation message for a secondary carrier from the base method of the base station according to the present invention,
station and the step (S920) of changing the secondary carrier the base station may be configured to determine whether or
to the deactivation state after a predetermined time from the not to change a secondary-carrier state to the deactivation
reception of the deactivation message. 50 state by determining whether or not transmission/reception
The terminal may be configured to stop data transmission through a secondary carrier has been performed for a given
and retransmission using the above-described secondary car- time, and change the secondary carrier to the deactivation
rier immediately when the deactivation message is success- state after a predetermined time from when the change of the
fully received (demodulated) in step S910. In addition, after secondary-carrier state to the deactivation state is determined.
the step of receiving the deactivation message, the terminal 55  In addition, in another example of the carrier state man-
may be configured to additionally perform the step of stop- agement method of the terminal according to the present
ping the UL transmission of the secondary carrier and initial- invention, the terminal may be configured to determine
izing the UL and DL retransmission buffers. whether or not to change a secondary-carrier state to the
Thereatter, the base station may perform the step (5920) of deactivation state by determining whether or not transmis-
changing the secondary carrier that is managed by the base 60 sion/reception through a secondary carrier has been per-
station to the deactivation state at the time t, after a predeter- formed for a given time, and change the secondary carrier to
mined time (t5—t,) has elapsed from the deactivation message the deactivation state after a predetermined time from when
reception (t,). the change of the secondary-carrier state to the deactivation
On the other hand, the terminal may be configured to state is determined.
transmit the reception success (acknowledgement) message 65  Inother examples of the carrier state management methods

for the deactivation message received from the base station to
the base station. In this case, the step (S920) of changing the

of the base station and the terminal according to the present
invention, it is possible to determine whether or not to change
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the secondary-carrier state to the deactivation state using a
timer. For example, it is possible to determine to change the
secondary carrier to the deactivation state by determining that
the communication through the secondary carrier has not
been performed for the given time upon expiration of the
timer of which a value continuously decreases (or increases)
while communication through the secondary carrier is not
performed. At this time, the timer may be reset every time
communication through the secondary carrier is performed.

16

message is received, the terminal terminates the operation of
the DRX-retransmission timer and stops an unnecessary
wakeup state.

In the present invention, when the secondary carrier is in
operation in an on-duration state or is maintained in the
wakeup state by an inactivity timer, the terminal immediately
stops the on-duration state or the inactivity timer and stops the
wakeup operation if a deactivation message of a secondary
carrier is received from the base station.

I . 10 While the present invention have been described above
n the other examples of the carrier state management . . . ..
. . . with reference to the above-described embodiments, it will be
methods of the base station and the terminal according to the . . .
. . . . understood by those skilled in the art that that various
present invention, the predetermined time may be a value - . -

) . ) changes, substitutions and alterations may be made herein
pr edf:ﬁned to make st.ate 1nf0@at10n that 18 m?naged by the without departing from the spirit and scope of the invention as
terminal con.smtent with state 1nf0rmat1.0n thatis n}anag.ed by |5 defined in the following claims.
the base station for the secondary carrier as described in the The invention claimed is:
example of the carrier state management method. The base 1. A carrier management method of a base station for use in
station and the terminal may be configured to have difterent a carrier aggregation environment, comprising;
values for the predetermined time. transmitting a deactivation message for a secondary carrier

However, when the base station and the terminal manage 20 to a terminal;
separate timers, the timers should be designed so that a pro- changing the secondary carrier to a deactivation state after
cedure of changing a secondary carrier to the deactivation apredetermined time from the transmission of the deac-
state may be performed at the same time. In addition, the tivation message; and
predetermined time should be designed so that carrier state stopping downlink (DL) transmission of the secondary
change times of the two sides are consistent. 25 carrier and initializing uplink (UL) and DL retransmis-
Because the concept of “consistency” of the carrier state sion buffers after transmitting the deactivation message.
information and the carrier state change time is the same as in 2. The carrier management method of claim 1, wherein the
the example of the carrier state management method accord- ~ Predetermined time is a value predefined to make state infor-
ing to the present invention described above, description mation that is .manageq by the base station consistent with
thereof is omitted. 30 state 1nf0rmat19n that is managed by the terminal for the
Details of Secondary-Carrier Deactivation Procedure secondary carrier. .
Accordine to Present Invention 3. T.h.e carrier management method of claim 1, further
g . . . comprising:
In the present invention, the terminal stops a power con- .. . A
. . . . receiving a reception success message for the deactivation
sumption reduction opergtlon (DRX) for a sec.onda.ry carrier 4 message from the terminal after transmitting the deacti-
when the se.:condary carrier used by the t.ermlnal is .deactl- vation message,
vated. Herelne}fter, a detall.ed Procedure will be descr%bed.. wherein the changing of the secondary carrier to the deac-
In the mobile communication system of the multicarrier tivation state includes changing, by the base station, the
structure, the power consumption operation of the terminal is secondary carrier to the deactivation state after a prede-
performed to control a plurality of carriers in parallel. Thus, 40 termined time from an arrival time of the reception suc-
the terminal controls a DRX operation according to each cess message.
multicarrier, and particularly, a timer related to HARQ 4. The carrier management method of claim 1, further
retransmission control is managed in each HARQ process comprising:
unit. immediately stopping, by the base station, data transmis-
More specifically, an HARQ retransmission procedure is 45 sion and retransmission using the secondary carrier
performed in units of secondary carriers, and retransmission immediately after transmitting the deactivation mes-
is performed through the same secondary carrier if initial sage.
transmission fails. If data transmission fails, the terminal 5. A carrier management method of a terminal for use in a
manages a DRX-retransmission timer and an HARQ round carrier aggregation environment, comprising:
trip time (RTT) timer according to each HARQ process. 50  receiving a deactivation message for a secondary carrier
Accordingly, if the data transmission fails, the HARQ timer is from a base station;
set to 8 for a data block of which transmission fails, and the changing the secondary carrier to a deactivation state after
DRX-retransmission timer is set to a given value. After the a predetermined time from the reception of the deacti-
terminal is in a sleep mode during 8 subframes according to vation message; and
the set value, the HARQ RTT timer is terminated, the DRX- 55  stopping uplink (UL) transmission of the secondary carrier
retransmission timer starts to wake up, and retransmission and initializing UL and downlink (DL) retransmission
data is received. buffers after receiving the deactivation message.
However, when the secondary carrier is deactivated and it 6. The carrier management method of claim 5, wherein the
is not necessary to perform retransmission, the HARQ RTT predetermined time is a value predefined to make state infor-
timer and the DRX -retransmission timer are initialized sothat 60 mation that is managed by the base station consistent with
a wakeup operation for a retransmission procedure is not state information that is managed by the terminal for the
performed. secondary carrier.
FIG. 11 is a diagram illustrating a secondary-carrier deac- 7. The carrier management method of claim 5, further
tivation procedure according to the present invention. comprising:
As illustrated in FIG. 11, secondary-carrier retransmission 65  transmitting a reception success message for the deactiva-

is iterated and the DRX -retransmission timer and the HARQ
RTT timer are in operation. At this time, if the deactivation

tion message to the base station after receiving the deac-
tivation message,
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wherein the changing of the secondary carrier to the deac-
tivation state includes changing, by the terminal, the
secondary carrier to the deactivation state after a prede-
termined time from a transmission time of the reception
success message.

8. The carrier management method of claim 5, further

comprising:

immediately stopping, by the terminal, data transmission
and retransmission using the secondary carrier immedi-
ately after receiving the deactivation message.

#* #* #* #* #*
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